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[57] ABSTRACT 

A p>ersonal communications apparatus using a garment- 
based audio interface includes a garment member worn on 
the upper torso of a person, wherein the gannent member 
includes a neck opening which allows extension there- 
through of the neck of the person. An audio ouiput device 
capable of producing hi-fidelity spatializcd3-D sound aim- 
ing in selected directicns is located adjacent the neclc 
opening of the garment member. A receiver capable of 
receiving at least one transmitted signal and producing an 
audio signal based thereupon is coupled to the audio output 
device. An audio input device capable of capturing spatial- 
izcd 3-D sound from selected directions is located adjacent 
the neck opening of the garment member. The audio signal 
from the audio input devioe is provided to a transmitter 
capable of transmitting a signal in dependence upon the 
audio signal. Embodiments of the garment member include 
a shirt and a necklace. 

9 Claims, 3 Drawing Sheets 
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AUDIO INTERFACE GARMENT AND 
COMMUNICATION SYSTEM FOR USE 
THEREWITH 

This is a continuation of application Ser. No. 08/280.185 
filed on Jul. 25. 1994. now U.S. Pat No. 5.563.951. 

TECHNICAL FIELD 

The present invention relates generally to personal cora- 
munication systems and. more particularly, to audio inter- 
faces for use with personal communication systems. 

BACKGROUND ART 

Portable, personal communication systems, such as cel- 
lular telephones and cordless telephones, are currently expe- 
riencing a dramatic growth in utilization. Cellular 
telephones, for example, have enabled users to transcend the 
constraints of fixed telephony by allowing communication 
outside of buildings. In accordance with such trends, society 
will probably witness a significant wireless evolution in bodi 
personal and professional communications which will 
change the way people conduct thdr lives at home, on the 
road« and at work. 

Personal comnuinication systems generally include a 
transniitter-receivei pair along with an audio output device 
and an audio input device. The audio output device typically 
coirqiriscs speakers, headphones, earphones, or the like. In 
general terms, audio output devices for use with a personal 
communication system are devices capable of producing 
sound waves representative of an electronic audio signal 
^lied thereto, and are employed in contact with the ear of 
the user. The audio input device typically comprises a 
microphone or a like transducer. The audio input device is 
capable of producing an electronic signal representative of 
sound waves received thereby. 

lypically, the audio input and output devices are incor- 
porated on a handset. Hiis arrangement is disadvantageous 
in that a hand of the user becomes occupied during the 
communication process. Thus, the user of a handset is 
limited in the types of activities he/she can perform while 
simultaneously communicating. 

Id order to obtain a hands-free system with regard to the 
audio ou^ut device, either headphones or earphones may be 
employed. Disadvantages of using either headphones or 
earphones for personal listening result torn the ears of the 
user being partially covered. Consequently. hea(^hones and 
eaiphones act to block sound waves produced within the 
physical environment of the user. Hence, potential safety 
risks result if the user is peiforming othei tasks while 
wearing a headphone or an earphone, such as driving a car, 
aossing a street, or operating a madiinc. Further, wearing a 
heat^hone or an earphone for an extended duration of time 
grows uncorofcrtable for many people. 

Other disadvantages become evident when interaction is 
attempted between one person and another person wearing 
headphcHies. Often, the one person* s speaking and soda! 
interaction changes when conversing to the otiicr person 
wearing headphones, or even a hearing aid. Moreover, Aese 
social changes are witnessed even when the one person 
knows that the other person needs the hearing aid. 

la order to obtain a hands-free system with regard to the 
audio input device, a microphone can be located on a 
headset, such as is worn by telephone operators and recep- 
tionists. Such an arrangement is also socially disadvanta- 
geous when attempting to interact with others in her physical 
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space. Furtherma-e. such an arrangement interferes with a 
variety of daily activities such as eating or drinking. The use 
of a headset in a public place is also conspicuous. 
Some interface devices have avoided the use of a headset 
^ by inccffporating an audio ou^ut device into a garment worn 
on the upper torso. HowevCT, these prior art devices lack an 
audio input device to receive input from the user since they 
were intended as personal music listening systems rather 
than personal communication systems. 

An additional disadvantage of many prior art systems is 
the inability of these systems to provide and capture high- 
fidelity sound. These prior art systems distort audio signals 
to the extent that there is never a question that the sound 
produced is not natural. 

SUMMARY OF THE INVENTION 

For the foregoing reasons, the need exists for a personal, 
portable communication system which allows for haads-jree 
2Q operation, does not physically block the ears of the user, 
produces high-fidelity sound, and is socially apfH-opriate. 

It is thus an c^ject of the present invention to provide an 
audio interface apparatus for use witfiin a portable commu- 
nication system which allows for hands-free operation. 
23 Another object of the present invention is to provide an 
audio interface apparatus for use within a portable commu- 
nication system whose audio output device does not physi- 
cally block an car of the user. 
A further object of the present invention is to provide a 
3° portable conununication system which allows for hands -free 
operation. 

It is abo an object of the present invention to provide an 
array of speakers for transmitting sound in a desired direc- 
tion. 

35 

Yet anoAer object of ttie present invention is to provide an 
array of micr€>phones to capture sound from a selected 
direction. 

An additional object of the present invention is to provide 

^ a personal communication system that captures and displays 
high fi.delity spatialized sound to allow a plurality of users to 
access and share each ether's auditory space. 

In carrying out the above objects, the present invention 
provides an audio interface apparatus for use with a com- 

45 municatlon device which includes a receiver capable of 
receiving at least one transmitted signal and producing a first 
audio signal based hereupon, and a transmitter capable of 
transmitting a second signal in dependence upon a second 
audio signal. A garment member having a neck opening 

50 allowing extension th^dirough of the neck of a person is 
worn on the upper torso of the person. An audio output 
device is secured to the garment member adjacent to the 
neck opening. Hie audio output device is coupled to the 
receiver to produce sound waves representative of the first 

55 audio signal. An audio input device is secured to the garment 
member adjacent to the neck opening. The audio input 
device is coupled to the transmitter to i»-ovi<le the second 
audio signal representative of sound waves received thereby. 
Further in carrying out the above objects, the present 

60 invention provides a personal communications ^paratus. A 
garment member having a neck opening allowing extension 
therethrough of the neck of a person is worn on the upper 
torso of the person. An audio output device is secured to the 
garment member adjacent to the neck opeaing. The audio 

65 output device is coupled to a receiver capable of receiving 
at least one transmitted signal and producing a first audio 
signal based thereupon, to produce sound waves represen- 
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tative of the first audio signal. An audio input device is 
secured to the garment member adjacent to the neck open- 
ing. The audio input device is enable of generating a second 
audio signal representative of soundwaves received thereby. 
A transmitter capable of transmitting a second signal in 
dependence upon the second audio signal is coupled to the 
audio input device. 

These and other features, aspects, and advantages of the 
present invention will become better understood with regard 
to the following descriptioD, appended claims, and accom- 
panying drawings. 

BRIEF DESCRIFnON OF THE DRAWINGS 

FIG. 1 is a schematic, block diagram of an embodiment of 
a personal communication system; 

FIG. 2 illustrates an embodiment of a personal commu- 
nication system in accordance with the present invention; 

FIG. 3 is a block diagram of a receiver in accordance with 
the present invention; and 

FIG. 4 illustrates an alternative embodiment in accor- 
dance with the present invention. 

BEST MODES FOR CARRYING OUT THE 
INVENTION 

The present invention overcomes the disadvantages of the 
prior art by incorporating an audio input device and an audio 
output device into an article of clothing or jewelry to be 
worn on the upper torso of a user. The audio input device and 
audio output device can be coupled to a transmitter-receiver 
pair to provide a hands-free personal portable communica- 
tion system which does not fSiysically block the cars of the 
user. Moreover, the inconspicuous location of the audio 
input and audio output devices, specifically near a neck 
opening of the article of clothing, fffoduces a socially 
expropriate apparatus. 

Turning now to FIG. 1, a schematic, block diagram 
representation of one embodiment of a personal communi- 
cation system is illustrated. The communication system 
comprises a garment-t>ased audio interface, indicated gen- 
erally by reference numeral 10. The interface contains a 
garment member 12 to be worn on the upper torso of a 
person. The garment noembcr 12 includes a neck opening 14 
which allows extension therethrough of the neck of the 
person. The garment-based audio interface 10 further con- 
tains an audio output device 16 located adjacent the neck 
opening 14. The audio ou^ut device 16 is capable of 
producing sound waves representative of an audio signal 
^plied thereto. Moreover, the garment-based audio inter- 
face 10 contains an audio input device 20, also located 
adjacent the neck opening 14. The audio iiqxit device 20 is 
capable of generating an audio signal representative of 
sound waves received thereby. 

The communicadon system further includes a receiver 22 
capable of producing an audio signal. The audio output 
device 16 is coupled to the receiver 22 in order to produce 
sound waves representative of the audio signal. A transmitter 
24 is coupled to the audio input device 20. The transmitter 
is capable of transmitting a signal in dependence upon the 
audio signal provided by the audio input device 20. 

By wearing the garment member 12, a user is provided 
with a persona] listening environment by the sound waves 
generated by the audio output device 16. Ihc combination of 
the garment member 12 and the audio output device 16 
provides a personal listening apparatus which can be 
employed in a similar manner as a headphone or an 
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earphone, but does not block the cars of the user. By 
including the audio input device 20, the receiver 22, and the 
transmitter 24, a system is provided which allows a user to 
communicate to a transceiver 26 adapted for use with the 
receiver 22 and transmitter 24 pair. Sound waves generated 
by the user speaking in a Dormal manner are converted into 
an audio signal by the audio input device 20 for transmission 
by the transmitter 24. Similarly, the audio ou^ut device 16 
produces sound waves in response to a signal received by the 
receivo- 22 for listening by the user. 

The present invention allows people to mutually access 
and share their auditory spaces in a telecommunications 
cnviiormient. For exanQ}le, assiune that each person in a 
group of people is wearing a personal conamunicatioD sys- 
tem in accordance widi the present invention. By using the 
present invention, a person A can have the following choices 
regarding her perceived auditory spaces: 
The natural auditory space 

This can be defined as the auditory space that person A 
will perceive without wearing the present invention. 
Another person B*s auditory space 

That is. person A may choose to *'shut ofiT her own natural 
auditory space and experience person B's auditory space. 
Merger of A and B's auditory spaces 

In Ihis case, A's own space is superimposed with B*s 
auditory space such that A is in two places at the same time. 
However, A can manipulate B*s space. For example. A can 
rotate, flip, augment weaken B's space perceived at A's ears 
by selective mixing of the audio signals received from B. 
Another example is that if there are multiple sound sources 
in B's space. A can place each of them to whatever position 
she would like to vwth respect to her auditory perception, 
again, by appropriately mixing these signals. 
Merger or mix of multiple spaces 

This is a direct extension of the above situation to more 
than two parties. 

Merger or mix of real-time natural and recorded auditory 
spaces 

Recorded auditory spaces may include music, movies, 
and TV shows, In this case, a merger or mix of natural 
auditory spaces with synthesized ones can be acconoplished. 
Thus, the present invention can be described as an audio 
interface to communication systems that allows users to 
access and share auditory spaces that are not originally local 
and natural to them in the ^lU auditory sense. The invention 
includes the following ttuee subsystems: 

1. An audio ii^Hit device, such as an array of microphones 
positioned in the uppa to^so of the human body, such 
as around the neck. The microphones in the array have 
the following characteristics: 

a) They are electronically controlled such that the 
an^litude and phase of the signal coming out from 
each microjAone can be varied electronically. One 
benefit of the electronically controlled audio input 
device is that users can easily change the directivity 
of the array so that It will selectively capture the 
sound sources in the 3-D space. 

b) They are located in those places such that (i) at least 
two of them are as dose to the two ears respectively 
as possible, so that the sound received by the two 
microphones is similar in nature to that received by 
the two ears; the rest of the microphones are distrib- 
uted around the nedt and two shoulders, and (ii) they 
can be suppoited by human wearables such as collar, 
shawl, necklace, eyeglasses, etc. so people can wear 
them comfortably. They are also aesthetically 
blended into human wearables. 
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2. An array of speakers positioned in the upper torso of the ing under the collar and inside the collar adjacent to the 
human body, such as around the neck. The speaker wearer's nccL Locating the spcakas 42 and 44 within the 
array has the following characteristics: collar 36 is advantageous in concealing tiie speakers 42 and 

a) The speakers are electronicaUy controUed sudi that 44 from external view. Alternatively, the pair of speakers 42 
the ampUtudc and phase of the signal going to the 5 and 44 can be located at other locations on the shirt 32. such 
speakers from the audio outputs of the coramunica- as on correspondmg yokes (not shown) or Epaulets (not 
tion system can be varied electronicaUy. One benefit shown) on either side of the shirt 32. 

of the electronically controlled speaker array is that fa the present invenUon. the exact placement of these 

users can easily change the directivity of the array so speakers can be chosen to provide the desired trade off 

that it will concentrate its acoustic energy to desired 10 between audio power transfer to each ear, comfort of the 

directions in the 3-D space. Another benefit is that wearer and concealment The important feature of these 

the user can manipulate the receive auditory space to speakers is that they create a 3-D audio space for the wearer 

reposition remote sound sources in her own 3-D in which signals can be mixed to vary the perceived "loca- 

auditory space. tion" of these signals without blocking the wearer*s natural 

b) The speakers are located in the places where they do 13 auditory environment. 

not cover the cars like a headphone docs, block ear Thus, the speakers of the present invention are positioned 

canals like eajphones or hearing aids do, or apply and designed to display other user's auditory spaces such 

forces to the human body to cause any discomfort that the listener cannot distinguish other's auditory spaces 

This way, users perceive the maximum naturalness from her own natural auditory space. To this end, it is 

of the auditory spaces received renaotely through the 20 desirable for the speaker to not be visible to or physically 

transducers. touch the user such that the user would be constantly aware 

c) The audio signals to the speakers are pre-processed, of the presence of these devices. If the user is not intrusively 
taking into account the effects of the speaker reminded that she is wearing something, it is much easier for 
diaracteristics, the speakers' positions relative to the the user to assume that the audio output from these speakers 
ears, the shape of the upper tOTSo including shoulder. 25 are a product of her natoral auditory environment In this 
neck and head such that the sounds coming from the manner, a user will feci that other users sunound her head, 
speaker are as realistic as natural sound, allowing the signals from other users to be mixed and 

3. A conmumications system such as a radio transceiver processed further allows the user to "place" the output from 
with a signal processing functional block that is capable the other users in separate locations in her audio space, 
of transmitting and receiving a signal carrying a high- 3o It is also desirable to aim and focus the audio output of the 
fidelity 3-D sound from multiple renKtte sources and speakersof the present invention such that only the listener's 
processing the audio signal in various manners. cars can hear their audio output. This main tains the privacy 

FIG. 2 illustrates a more specific emtx)dlment of a per- of the user's personal conununications. 
sonal conmiunication system in accordance with the present Also contained in the interface 30 is an audio input device 
invention. The conununication system includes a garment- 35 conqirising a pair of stereo microphones 50 and 52 located 
based audio interface, indicated generally by reference adjacent the neck opening 34. From the perspective of the 
numeral 30. The interface 30 contains a garment member person wearing the shirt 32, one of die microphones 50 is 
comprising a shirt 32 to be worn on the upper torso of a located to the left of the neck opening 34 adjacent to the 
person. Although the shirt 32 in FIG. 2 is illustrated as a collarbone of the person. Similarly, the other of the micro- 
button-down shirt, otha types of shirts including a T-shiit 40 phones 52 is located near the collarbone and to the right of 
a sweatshirt, a vest or a jacket can be en^iloyed. The shirt the neck opening 34. Locating the microphones 50 and 52 
32 includes a neck opening 34 allowing extcnsioD thae- within the collar 36 is advantageous In concealing diem 
througji of die neck of the person. Located adjacent to the from external view. Generally, the pair of microphones 50 
neck opening 34 is a collar 36. The collar 36 can be included and 52 are each capable of generating an audio signal 
for purposes of styling of the garment member 32 and 45 representative of sound waves received thereby. The use of 
concealing of coii4X>nents of the interface 30. two microj^ones to create a spatialized audio output is 
The interface 30 further contains an audio output device prd£cxMc, However, any numi>er of microphones grcata 
comprising a pair of speakers 42 and 44, where one of the than two could also be used to create the same effect, 
speakers 42 is located to the left (from a user's perspective) The microphones SO and 52 are coupled to a transmitter 
of the neck opening 34, and where the other of the speakers 50 54 capable of transmitting a signal in dependence upon 
44 is located to the right of the neck opening 34. More audio signals provided thereto. Hence, by providing the 
generally, the audio output device can be comprised of a audio signals from the microphones 50 and 52 to the 
plurality of speakers. This would be the case when, for transmitter 54, the sounds produced within the physical 
example, multiple speakers are employed to produce a space of a person wearing the garment member are receiv- 
desired frequency response, or when more tfian two speakers 55 able by a remotely-located receiver. In particular, die person 
arc spatially positioned to form an enhanced, surround audio can communicate to another person by simply speaking as 
environment. he/she would in a normal manner. Furthermore, the place- 
Application of a sultaWe audio signal to the speakers 42 ment of the microphones 50 and 52 on either side of the 
and 44 produces a personal listening environment for the user's collarbone provides for a continuous, spatially correct 
person wearing the shirt 32. Moreover, the use of the pair of 60 capture of the stereo image of the user's speech, and more 
speakers 42 and 44 on either side of the neck opening 34 generally, the sounds whidi he/she produces in her physical 
provides a capability of inducing a spatialized audio space. 

environment — an audio environment where a user wearing In general, the miaophones should be positioned and 

the shirt 32 can disoem an apparent direction of one or more designed to capture the 3-D auditory environment around 

sounds produced. In FIG. 2, the speakers 42 and 44 are 65 the user. In this way. the party or parties at the other end of 

placed on top of the collar of die shirt. Other alternative the communication can experience the natural 3-D auditory 

placements arc possible which conceal the speakers includ- space of the user. Further, the microphones would generally 
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be provided with a directional iaput characteristic aimed at contains the one or more audio signals by use of a prede- 

the user to capture her voice whUe ignoring, to some extent. termined modulation sdieme. Various schemes for sunulto- 

the sound sources which may be present from other direc- neously transmitting one or more signals, such as time 

jj^uj division multiplexing and frequency division raultiplejung. 

The microphones 50 and 52 are coupled to the transmitter 3 are wcU known in the art of communications. In accordance 

54 by one or more wires 6«. If the shirt 32 includes seams. with the predetermined multiplexing scheme employed, fte 

the wires 60 can be located within the seams during manu- demodulator 72 acts to separate the one or more audio 

facture of the shirt 32. For die embodiment of FIG. 1. fte signals for appUcation to the audio mixer 74. 

wires 60 f oUow the seams from the collar to the shoulder, to Each of the one or mCTc audio signals is r^resentative of 
the set-in sleeve seam, and down the side seam to the shirt to a respective audio source. Exanyles of audio sources which 

tail 62 Alternatively, the wires 60 can be located at the a user would typically want included are: audio from a 

interior of the shirt 32. running down from the collar to the telephone receiver, one or more sources of music, and audio 

shirt taU 62. Another altcraative has the wires 60 woven from one or more other users having a like personal com- 

directiy into the shirt 32. munications apparatus. Further, the user can provide her 
In a prefeired embodiment, the transmitter 54 includes a is own audio source, such as a portable tape player, using the 

radio frequency modulator and an antenna. The transmitter local audio source 80. . . , ^ , 

54 can be fornied using a custom-designed transmitter such The user interface 76 aUows the user to selectively control 

as a custom FM stereo transmitter, a custom-designed digital the ampUtude and the panning of each of the audio signals 

radio that can Iransmit mne than two audio streams, or a appUed to the audio mixer 74. Fw example, the tclq)hone 
more conventional transmitter such as one employed in a 20 rings while the user is Ustening to music, he/she can redi^e 

ceUular telephone or a cordless telephone. The transmitter the volume of the music and increase flie volume of die 

54 can be physicaUy-located external to the garment receiver of the telephone using the user inteifaM 76. 

member such as within a belt pack to be worn on the waist Referring now to FIG. 4. an alternative emboduncnt of a 

of the user garment-based audio interface is dlustrated. The mteiface 
The speakers 42 and 44 are coupled to a receiver 64, oc 25 contains a garment member comprising a necM^e 82 to be 

more generally, any device capable of producing an audio worn around die neck of a person. The necklace « "«:l"des 

simal For exanmle, the receiver 64 can be of the form of a a neck opening 84 allowing extension therethiou^ of fte 

portable personal stereo, or of the form of a receiving neck of the person. TTie interface further contams an audio 

!«,tenna and a demodulator. In a similar manner as with the ou5>ut device compr^ing a pair of ''P«^i«* ^ 
transmitter 54. the receiver 64 can be located physicaUy 30 located at opposite sides of the necklace 82. The mterface 

external to the garment member, such as on a beU pack. The also contains an audio input device con^nsing a pair of 

receiver 64 can be formed using either a custom^lesigned microphones M and 94 located at ,oH>o«te «des of the 

I^ivS.^Tmore convemional receiver such as one neckUce 82. The necklace 82 can indude beads 96 to make 

employed in a cellular telephone or a cordless telephone. the speakas and the microphones less ~nspicuous. The 
Tie speakers 42 and 44 are coupled to the receiver 64 by 3S speakers and the microphones would be coupled to a 

one or ^orewires 66. Alternatives for running the wires 66 receiver and « .'*»P**=«'X^jy:. 

from the collar 36 down to the shirt taU 62 include locating embodiment of HG. 2. In addition to theshirt «n<».M<^«^e 

the wires 66 within the seams of the shirt 32. locating the described In detail herein, the audio mtorface device of die 

wires 66 at the interior of the shirt 32, and weaving the wires present invention could also be concealed in other garments 
66ditectly into the shirt 32 « such as odter forms of jewelry, a hat. shawl or eyegUsses. 

In this embodiment of the present invention, the TTk above-described embodiments of the present mven- 

microphones. speakers, and communication interface are tion have many advantages. One advantage is the unproved 

connected via wires. Wireless methods sudi as RF or comfort and safety which results from not having to wear 

infrared signaUng could also be used to effectuate the headphones in a hands-free portable coimnumcation system^ 

connectionfbetween these components. « andmore generally, nothavuig to cover the ears of the user. 

no 3 illustrates an embodiment of the receiver 64 in Another advantage is improved convemence afforded by 

accordance with the present invention. An antenna 70 having access to and control of many audio sources. For 

receives at least one transmitted signal of the radio fre- example, if the telq*one rings whde » J«^'^8j° 

quency variety. The at least one transmitted signal is pro- music, a user of embodiments of flie present invention can 

vided to a demodulate 72. The demodulator 72 is capable so reduce the volume of the music and answer the phone 

of producing one or more audio signals based upon the at without having to physicaUy run to a stereoto turn down the 

least one trimsmitted signal. The one or mote audio signals music and then run to the telephone. A further advantage is 

are appUed to an audio mixer 74. In response to a control the inconspicuous nature of incorporating the >»P« 

signaa provided by a user interface 76. the audio mixer 74 and output devices in the shirt or other garment. PotenhM 

selecUvely mixes the one or more audio signaU to provide 3J problems of public identity and decorum u> work and soaal 

audio signals to the speakers 42 and 44. OptionaUy. the settings are obviated by tiie stealth naime of the devices, 

audio mbccr 74 is further capable of accepting, as an input, A still further advantage results from the fart that a p«son 

the output of a local audio source 80. As a further option, the will often speak and interart diffcrentiy when a microphone 

user interface 76 can be used to control the demodulator 72. is aimed at him/her. Embodiments of the present invention 

The audio mixer 74 may also contain signal processing 60 allow a more naturaL less stated conversation in me prcs- 

capabilities. For example, audio mixer 74 may be used to enoe of others. Yet another advantage is in providing ttie 

control the phase of each audio signal output such diat abiUty for a user to set her own availability, and control her 

speakers 42 and 44 can focus the sound to a desired own soundscape. These are potentially bencfiaal m the 

j^g^P^ domains of stress and mood management. 

Using illustrative examples, the operation of the embodi- 65 B should be noted that the present invention may be used 

ment in HG. 3 will now be explained in greater detail. Tlie in a wide variety of different constructions encon^sslng 
at least one transmitted signal received by &e antenna 70 many alternatives, modifications, and variations which are 
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apparent to those with ordinary skill in the art. Accordingly, 
the present inventioo is intended to embrace all such 
alternatives. modificatioDs, and variations as fall within the 
spirit and broad scope of the appended claims. 
What is claimed is: 5 

1. For use with a communication device which includes a 
receiver capable of receiving at least one transmitted signal 
and producing a first audio signal based thereupon < and a 
transmitter capable of transmitting a second signal in depen- 
dence upon a second audio signal, an audio interface appa- lO 
ratus con^rising: 

a garment member to be worn on the upper torso of a 
person, the garment member including a neck opening 
with a collar extending therearound allowing extension 
therethrough of the neck of the person; ^5 

an audio output device disposed within the collar so as to 
be hidden from ordinary view, the audio output device 
coupled to the receiver to produce sound waves repre- 
sentative of the first audio signal; and 

20 

an audio input device concealed by the collar so as to be 
hidden from ordinary view and coupled to the trans- 
mitter to provide the second audio signal representative 
of sound waves received thereby. 

2, The apparatus of claim 1 wherein the garment member 
comprises a shirt 
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3. The apparatus of claim I wherein the audio input device 
includes a plurality of microphones at least two of which arc 
located on generally opposite sides of the neck opening so 
that sound received by the at least two miaophones is 
similar to that received by two ears of a wearer, 

4. The apparatus of claim 1 wherein the input device 
captures a spatial! zed audio input indicative of a spatial 
relationship between various sound sources and the input 
device. 

5. The apparatus of claim 4 wherein the input device 
captures audio ir^uts only from selected directions. 

6. The apparatus of claim 1 wherein the audio output 
device coniprises a plurality of speakers. 

7. The apparatus of claim 6 wherein at least two of the 
plurality of speakers arc located on generally oj^site sides 
of the neck opening. 

8. The apparatus of claim 6 wherein the audio output 
device provides a spatializcd audio ouQJUt by controlling 
amplitude and phase of the audio output. 

9. The apparatus of claim 6 wherein the audio output 
device provides an output in a selected direction electroni- 
cally controllable by a wearer. 

***** 



02/05/2004, EAST Version: 1.4.1 



